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(57) ABSTRACT

A system for air conditioning at least one partial region of an
aircraft comprises an air providing device for providing air to
be supplied to a region of the aircraft to be ventilated at a
desired temperature and pressure. A supply air duct is con-
nected at a first end to the air providing device. A second end
of'the supply air duct is connected to an air inlet which opens
near the floor into the aircraft region to be ventilated. A
control device is set up to ensure that the air provided by the
air providing device enters the aircraft region to be ventilated
via the air inlet at such a speed that the air is distributed near
the floor in the aircraft region to be ventilated and rises at heat
sources present in the aircraft region to be ventilated, and that
the air provided by the air providing device enters the aircraft
region to be ventilated via the air inlet at such a temperature
that a desired ambient temperature is set in the aircraft region
to be ventilated.
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1
SYSTEM AND METHOD FOR AIR
CONDITIONING AT LEAST ONE PARTIAL
REGION OF AN AIRPLANE

This application claims priority to PCT/EP2008/008817
filed Oct. 17, 2008, which claims priority to German Appli-
cation No. 10 2007 049 926.6 and U.S. Application No.
60/980,887, both filed Oct. 18, 2007.

TECHNICAL FIELD

The present invention relates to a system and a method for
air conditioning at least one partial region of an aircraft.

BACKGROUND

At present, air conditioning systems used in aircraft for
ventilating and pressurising the aircraft passenger cabin and/
or the cargo compartment work on the principle of mixing
ventilation. In the case of mixing ventilation, which is also
called dilution ventilation or jet ventilation, air, which is
optionally temperature-controlled as required, is blown into
the part of the aircraft to be ventilated, with a high impulse
and at a high speed (approximately 0.7 to 3 m/s), through air
inlets usually arranged in the ceiling region of a part of the
aircraft to be ventilated. Owing to the high impulse and the
high speed of the air blown in, tumble air movements form in
the part of the aircraft to be ventilated which ensure a virtually
homogeneous intermixing of the air with the ambient air, free
convection induced by heat sources and cold or hot surfaces
being dominated by the forced flow of the tumble air move-
ments. The air jets of the tumble air movements may reach air
speeds which are beyond the comfort limit for the passengers
and crew. The exhaust air is usually removed from the part of
the aircraft to be ventilated through air outlets provided in the
floor region of the part of the aircraft to be ventilated. Exhaust
air removed through the air outlets is generally at least partly
filtered, mixed with fresh outside air in a mixer and finally
returned to the part of the aircraft to be ventilated. For setting
a desired cabin pressure, as required, excess exhaust air can
be removed to the environment through pressure regulating
valves (outflow valves) which connect a pressurised region of
the aircraft to the outside atmosphere.

The formation of tumble air movements necessarily results
in regions in which free convection and forced flow comple-
ment one another or are added to one another and regions in
which the free convection opposes the forced flow. The result-
ing ambient flow thus has regions at a high flow speed and
regions at a low flow speed. The differences in flow speed
increase with increasing heat load. Moreover, the relatively
concentrated introduction of the cool air, the jet formation and
the inhomogeneous speed and cooling-load introduction in
the part of the aircraft to be ventilated may result in an uneven
temperature distribution. Furthermore, the supply of very
cool air into the passenger cabin leads to marked reductions in
the comfort of the passengers and crew members. Conse-
quently, the difference between the temperature of the air
supplied via the air inlets and the temperature of the ambient
air in the part of the aircraft to be ventilated must not be too
great. High heat loads can then, however, only be removed by
means of correspondingly high air volume flows which
require an air supply at very high speed and/or an enlargement
of the air outlets. This may lead to unpleasant draughts and
disturbing noises.

The short distance between the air inlets and the seat posi-
tions of the passengers in passenger aircraft limits the avail-
able jet length and the speed of the air blown in through the air
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inlets. In certain circumstances, however, air speeds which
are at least locally above the comfortable range may result,
while at the same time other regions of the cabin are not
sufficiently ventilated. Moreover, special regions provided in
the aircraft passenger cabin, such as, for example, galleys,
rest zones for crew members or bar areas and also curtains
used for zoning the aircraft passenger cabin, may disturb the
formation of the tumble air movements characteristic of mix-
ing ventilation, which may likewise result in reductions in the
comfort of the passengers and the crew members, at least in
locally defined regions of the cabin. Furthermore, the partly
turbulent air flow conditions arising in mixing ventilation
increase the drying-out of the skin, eyes and mucous mem-
branes caused by the low atmospheric humidity in the pas-
senger cabin of only 5 to 15% relative humidity.

A further disadvantage of the mixing ventilation principle
is that, due to the tumble air movements which form, harmful
substances are rapidly distributed in the entire flow cross-
section of the aircraft and, moreover, longitudinal flows are
promoted. This is problematical, particularly in the event of a
fire with smoke formation, since the smoke is distributed so
quickly due to the air flow conditions which arise in mixing
ventilation that no uncontaminated escape areas remain.

Finally, an aircraft cabin which is ventilated by an air
conditioning system working on the principle of mixing ven-
tilation can be subdivided into individual climatic zones only
in the longitudinal direction. This leads to severe restriction of
the flexibility in the design of the aircraft cabin which is
increasingly demanded by the market.

In the past, the heat load to be removed from an aircraft
cabin has continually increased due to the installation of
entertainment electronics systems for the passengers, lighting
systems and the like. If this trend were to continue, it could
become increasingly difficult in future to find a reasonable
compromise between comfortable air temperature and speed
and proper heat removal in the operation of an aircraft air
conditioning system working on the principle of mixing ven-
tilation.

The present invention is directed at the object of specitying
a system and a method for air conditioning at least one partial
region of an aircraft which enable proper removal even of
high heat loads from a part of the aircraft to be ventilated and
at the same time the creation of comfortable ambient condi-
tions for the passengers and crew members situated in the part
of the aircraft to be ventilated.

SUMMARY

To achieve this object, a system, according to the invention,
for air conditioning at least one partial region of an aircraft
comprises an air providing device for providing and condi-
tioning air to be supplied to a region of the aircraft to be
ventilated at a desired temperature, pressure and humidity
and in a desired quantity. The aircraft region to be ventilated
can be a passenger cabin or a section of the passenger cabin,
but also another region of the aircraft, such as, for example, a
cargo compartment or a section of the cargo compartment.
The air providing device can comprise a compressor device.
The compressor device can be designed, for example, in the
form of an air cycle machine which is supplied with bleed air
provided by the engines of the aircraft or with air provided by
compressors of the aircraft or any other air source. Preferably,
the air providing device or the compressor device of the air
providing device is also suitable for dewatering the air to be
supplied to the region of the aircraft to be ventilated. Further-
more, the air providing device preferably comprises a mixer,
in which the air-conditioned air provided by the compressor
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device is mixed with recirculation air in order to control the
temperature and/or the humidity of the air provided by the air
providing device. Fine control of the temperature of the air to
be supplied to individual climatic zones of the aircraft can be
effected by supplying additional hot air downstream of the
mixer. The hot air can be branched off from the engines of the
aircraft as bleed air, but also provided by any other hot-air
source. Alternatively or additionally to this, it is of course also
possible to heat the air-conditioned air provided by the com-
pressor device of the air providing device to the desired tem-
perature, if required, by means of a suitable heating device,
such as, for example, an electrical heating device.

A supply air duct of the system, according to the invention,
for air conditioning at least one partial region of an aircraft is
connected at a first end to the air providing device. A second
end of the supply air duct is connected to an air inlet which
opens near the floor into the region of the aircraft to be
ventilated. The supply air duct thus forms a connection
between the air providing device and the air inlet. The system
according to the invention can have merely one, for example
large-area, air inlet. Alternatively to this, however, a plurality
of air inlets which open near the floor into the region of the
aircraft to be ventilated can be provided. For example, a
plurality of large-area air inlets can be provided. If required,
the supply air duct can also be appropriately branched in order
to supply all the air inlets with air provided by the air provid-
ing device.

Finally, the aircraft air conditioning system according to
the invention comprises a control device which is set up to
ensure that the air provided by the air providing device enters
the region of the aircraft to be ventilated via the air inlet at
such a speed that the air is distributed near the floor in the
region of the aircraft to be ventilated and rises at heat sources
present in the region of the aircraft to be ventilated. In other
words, the control device ensures that a pressure is set in the
supply air duct which ensures that the air leaves the air inlet
with an impulse and at a speed which are markedly lower than
in a system working on the principle of mixing ventilation.
The control device can comprise an electrical or electronic
control unit for controlling the air providing device which
ensures that the air is led from the air providing device into the
supply air duct at a desired pressure. Such a control unit can
also be used to control, as desired, the quantity and the humid-
ity of the air provided by the air providing device. Alterna-
tively or additionally to this, however, the control device can
also have mechanical components, such as, for example,
valves, throttles, screens, etc., for setting the air pressure in
the supply air duct. These mechanical components can be
electronically or electrically controlled, it being possible to
use for this the electrical or electronic control unit which is
also used for controlling the air providing device.

In an aircraft region ventilated by means of the aircraft air
conditioning system according to the invention, completely
different flow conditions arise than in an aircraft region ven-
tilated according to the mixing ventilation principle. In par-
ticular, no tumble air movements form. The speed and the
impulse of the air exiting the air inlet influence the ambient
flow in the aircraft region to be ventilated only in the imme-
diate vicinity of the air inlet. Instead, the flow conditions in
the aircraft region to be ventilated are determined by thermal
effects, in particular the lifting forces of the heat sources
present in the aircraft region to be ventilated. The flow con-
ditions arising in an aircraft region ventilated by means of the
air conditioning system according to the invention are thus
similar to the flow conditions which form in a building ven-
tilated according to the principle of displacement ventilation.
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The flow speed at which the air provided by the air provid-
ing device exits the air inlet is, as already mentioned, influ-
enced by the air pressure in the supply air duct, but also by a
flow cross-section of the air inlet or the air inlets. If the air
inlet has a constant flow cross-section, the control device
controls the air pressure in the supply air duct, taking account
of the constant flow cross-section of the air inlet. That is to
say, the air pressure in the supply air duct is controlled in such
away that, when the air passes through the flow cross-section
of'the air inlet, the flow speed and the flow impulse which lead
to the desired, previously defined flow conditions in the
region of the aircraft to be ventilated are set. Alternatively to
this, however, the air inlet can also have a variable flow
cross-section. The control device can then be set up to control
both the air pressure in the supply air duct and the flow
cross-section of the air inlet in such a way that the air exits the
air inlet at the speed and with the impulse such that the
desired, previously defined flow conditions are set in the
region of the aircraft to be ventilated. Alternatively to this,
however, a separate control device, for example an electronic
control unit, for controlling the variable flow cross-section of
the air inlet can also be present.

An air providing device used in an aircraft can only provide
a limited air volume flow in energy-efficient operation. The
ambient temperature in the region of the aircraft to be venti-
lated can therefore be controlled only to a limited extent, in
the air conditioning system according to the invention, by
appropriate control of the air volume flow supplied to the
aircraft region to be ventilated. The control device of the
system, according to the invention, for air conditioning at
least one partial region of an aircraft is therefore further set up
to ensure, by appropriate control of the air providing device,
that the air provided by the air providing device enters the
region of the aircraft to be ventilated via the air inlet at such a
temperature that a desired ambient temperature is set in the
region of the aircraft to be ventilated. The temperature of the
air provided by the air providing device can be controlled, for
example, by appropriate setting of the temperature of the air
produced by a compressor device of the air providing device,
by admixing recirculation air with the air produced by the
compressor device in a mixer of the air providing device
and/or by admixing hot air downstream of the mixer. The
ambient temperature in the region of the aircraft to be venti-
lated can be controlled with the aid of signals which are
transmitted to the control device by a temperature sensor
arranged in the region of the aircraft to be ventilated.

In the air conditioning system according to the invention,
the air-conditioning air is supplied to the aircraft region to be
ventilated at a markedly lower speed and with a markedly
lower impulse than is the case in an air conditioning system
working on the mixing ventilation principle. Noise annoy-
ance caused by the supply of air at high speed in an air
conditioning system working on the mixing ventilation prin-
ciple is thus reliably avoided in the arrangement according to
the invention. In an aircraft region ventilated with the aid of
the air conditioning system according to the invention, more-
over, no tumble air movements characteristic of mixing ven-
tilation form. Rather, the air-conditioning air is distributed
slowly over the entire floor area of the aircraft region to be
ventilated and rises slowly at heat sources through free con-
vection. The ambient flow arising in the aircraft region to be
ventilated is thus distinguished by low air speeds over a large
area. As a result, draughts which reduce the comfort of the
passengers and crew members are avoided. Furthermore, the
drying-out of the skin, eyes and mucous membranes is
reduced, so that dry air is perceived as much less unpleasant.
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Finally, the lower air exchange at surfaces arranged in the
aircraft region to be ventilated leads to less soiling of the cabin
covering.

A further advantage of the flow conditions arising in an
aircraft region ventilated with the aid of the air conditioning
system according to the invention is that harmful substances
and pathogens are no longer distributed evenly in the trans-
verse direction. This enables a marked improvement of the air
quality in the aircraft region to be ventilated. The flow con-
ditions arising in an aircraft region ventilated with the aid of
the air conditioning system according to the invention are
particularly advantageous in the event of a fire with smoke
formation, since the smoke is not distributed so quickly in the
aircraft region to be ventilated. Furthermore, the air supply
through the air inlet arranged near the floor results in an air
layer, near the floor, which contains mainly fresh air and is
thus less contaminated by smoke. Passengers and crew mem-
bers can then, for example, run with a stoop or crawl on the
floor along the emergency lighting, while breathing in less
contaminated air.

Since, finally, the flow conditions in an aircraft region
ventilated by means of the air conditioning system according
to the invention are no longer determined by a forced tumble
air movement flow, the basis for a flexible zoning of the
aircraft region to be ventilated is created, although the outlay
involved in creating individual climatic zones (sensors, heat-
ers, hot-air supply and air ducting) remains the same. For
example, an aircraft cabin ventilated by means of the air
conditioning system according to the invention can also be
subdivided into individual climatic zones in the transverse
direction. This enables appreciable flexibilisation of the cabin
design.

The aircraft air conditioning system according to the inven-
tion enables proper removal even of high heat loads from the
aircraft region to be ventilated. Furthermore, it can react
particularly well to individually varying heat loads. In par-
ticular, the control device can be set up to ensure individual
ventilation and temperature control of individual aircraft
regions. In other words, the flow speed and/or the temperature
of'the air entering an aircraft region to be ventilated via the air
inlet can be varied from one aircraft region to another, in order
to react to different heat loads or different utilisation in the
individual aircraft regions.

In a preferred embodiment of the system, according to the
invention, for air conditioning at least one partial region of an
aircraft, the control device is set up to ensure that the air
provided by the air providing device enters the region of the
aircraft to be ventilated via the air inlet at a speed 0f 0.1 t0 0.5
m/s. The air entry speed is preferably chosen in such a way
that, on the one hand, no tumble air movements form and, on
the other hand, the passengers do not feel any draughts, which
is the case when the air speed in the vicinity of the passengers
remains below the comfort limit of approximately 0.25 m/s.
The preferred air entry speed thus also depends on the dis-
tance of the air inlet from the passengers. If the air is intro-
duced near the passengers, the air entry speed is preferably
approximately 0.25 m/s. In a situation in which the air inlet is
at a greater distance from the passengers or the supply air is
introduced in a virtually laminar flow in a displacement sys-
tem, an even higher air entry speed could also be chosen, but
it must be reduced in the vicinity of the passengers to such an
extent that the comfort limits are observed.

The air inlet or air inlets can be arranged in the region of a
floor of the aircraft region to be ventilated. In particular when
a plurality of air inlets are provided, the air inlets can be
distributed over the entire floor of the aircraft region to be
ventilated. Alternatively to this, it is also possible to concen-
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trate the air outlets in a certain section/certain sections of the
floor. When the aircraft region to be ventilated is the passen-
ger cabin of the aircraft, the air inlets can be arranged, for
example, in a section of the passenger cabin floor forming the
aisle region or under the passenger seats.

The air inlet or air inlets can also be arranged in a region,
near the floor, of a side wall of the aircraft region to be
ventilated. In particular when a plurality of air inlets are
present, the air inlets can be distributed over the entire region,
near the floor, of a side wall of the aircraft region to be
ventilated. Alternatively to this, however, it is also conceiv-
able to concentrate the air inlets in a certain section/certain
sections of the region, near the floor, of a side wall of the
aircraft region to be ventilated. Furthermore, it is also con-
ceivable to provide one air inlet or a plurality of air inlets in
the region of a floor of the aircraft region to be ventilated and
additionally one air inlet or a plurality of air inlets in a region,
near the floor, of a side wall of the aircraft region to be
ventilated.

A preferred embodiment of the aircraft air conditioning
system according to the invention further comprises a device
for providing and conditioning auxiliary air to be supplied to
the region of the aircraft to be ventilated at a desired tempera-
ture, pressure and humidity and in a desired quantity. The
auxiliary air providing device can be a separate device which
has a similar construction to the air providing device. Alter-
natively to this, however, the auxiliary air providing device
can also be formed by the air providing device, integrated in
the air providing device or connected to the air providing
device. What is essential is merely that auxiliary air is led to
the auxiliary air inlet separately from the air supplied to the air
inlet, with the pressure, temperature, humidity and/or quan-
tity of the auxiliary air preferably being settable indepen-
dently of the pressure, temperature, humidity and/or quantity
of' the air supplied to the air inlet.

The auxiliary air providing device is preferably connected
to a first end of an auxiliary air duct. A second end of the
auxiliary air duct can be connected to an auxiliary air inlet
opening into the aircraft region to be ventilated. It is possible
for merely one auxiliary air inlet, for example of large-area or
gap-shaped design, to be provided. Alternatively to this, how-
ever, a plurality of auxiliary air inlets can also be present. The
auxiliary air duct can then be appropriately branched in order
to supply all the auxiliary air inlets with auxiliary air provided
by the auxiliary air providing device.

The auxiliary air inlet or auxiliary air inlets can be arranged
in the region of a side wall of the aircraft region to be venti-
lated. Alternatively or additionally to this, the auxiliary air
inlet or auxiliary air inlets can also be arranged in the region
of'aceiling ofthe aircraft region to be ventilated. For auxiliary
air inlets arranged in the region of a side wall or in the region
of a ceiling of the aircraft region to be ventilated, separate
auxiliary air providing devices and/or auxiliary supply air
ducts can be provided in each case. It is, however, also pos-
sible to connect merely one auxiliary air providing device via
corresponding auxiliary supply air ducts to auxiliary air inlets
arranged in the region of a side wall and in the region of a
ceiling of the aircraft region to be ventilated.

The aircraft air conditioning system according to the inven-
tion preferably further comprises an auxiliary control device
which is set up to ensure that the auxiliary air provided by the
auxiliary air providing device enters the aircraft region to be
ventilated, via an auxiliary air inlet arranged in the region of
a side wall of the aircraft region to be ventilated, at such a
speed that the air is distributed in the aircraft region to be
ventilated in the region of a plane defined by the arrangement
of'the auxiliary air inlet, i.e. horizontally approximately at the
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height of the auxiliary air inlet, and rises at heat sources
present in the aircraft region to be ventilated. The auxiliary
control device can comprise an electrical or electronic control
unit for controlling the auxiliary air providing device. This
control unit can control the auxiliary air providing device in
such a way that the air is led from the auxiliary air providing
device into the auxiliary supply air duct at a desired pressure.
Such a control unit can also be used to control, as desired, the
quantity and the humidity of the air provided by the auxiliary
air providing device. Alternatively or additionally to this,
however, the auxiliary control device can also have mechani-
cal components, such as, for example, valves, throttles,
screens, etc., for setting the air pressure in the auxiliary sup-
ply air duct. These mechanical components can be electroni-
cally or electrically controlled, it being possible to use for this
the electrical or electronic control unit which is also used for
controlling the auxiliary air providing device.

The auxiliary control device is preferably set up to ensure
that the auxiliary air provided by the auxiliary air providing
device enters the region of the aircraft to be ventilated, via the
auxiliary air inlet arranged in the region of a side wall of the
aircraft region to be ventilated, at a speed of at most 1 m/s.
With such an air blowing-in speed and an impulse, resulting
therefrom, of the blown-in auxiliary air, it is ensured that the
previously described flow conditions arise in the aircraft
region to be ventilated.

When the auxiliary air is blown into the aircraft region to be
ventilated, via the auxiliary air inlet arranged in the region of
a side wall of the aircraft region to be ventilated, at such a
speed and with an impulse, resulting therefrom, that the pre-
viously described flow conditions arise in the aircraft region
to be ventilated, i.e. no tumble air movements characteristic
of mixing ventilation are formed, the previously described
advantages which are obtained on using the aircraft air con-
ditioning system according to the invention are completely
preserved. At the same time, the supply of auxiliary air at a
slightly higher speed than the speed at which the air blown in
via the air inlet is supplied and/or a slightly lower temperature
than the temperature of the air blowing in via the air inlet
enables flexible adaptation of the power of the air condition-
ing system according to the invention to certain demand situ-
ations, for example when the aircraft is running on the
ground. As a result, proper heat removal from the aircraft
region to be ventilated is ensured at all times, i.e. even at high
heat loads.

Furthermore, the auxiliary control device can be set up to
ensure that the auxiliary air provided by the auxiliary air
providing device is blown into the aircraft region to be ven-
tilated, via the auxiliary air inlet arranged in the region of a
side wall of the aircraft region to be ventilated, at such a
temperature that a desired ambient temperature is set in the
aircraft region to be ventilated.

The auxiliary control device can be designed as a separate
device. However, the auxiliary control unit is preferably
formed at least partly by components of the control device for
controlling the speed and the temperature of the air entering
the aircraft region to be ventilated via the air inlet, or is
integrated in this control device.

The auxiliary control device can also be set up to ensure
that the auxiliary air provided by the auxiliary air providing
device enters the aircraft region to be ventilated, via the
auxiliary air inlet arranged in the region of a side wall of the
aircraft region to be ventilated, at such a speed that tumble air
movements characteristic of mixing ventilation form in the
aircraft region to be ventilated and free convection in the
aircraft region to be ventilated is substantially suppressed.
Such a control of the auxiliary air speed may be expedient in
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certain situations, for example while the aircraft is on the
ground, when particularly high heat loads have to be removed
from the aircraft region to be ventilated. The speeds of the air
entering the aircraft region to be ventilated via the air inlet and
of'the auxiliary air entering the aircraft region to be ventilated
via the auxiliary air inlet can also be controlled in such a way
that tumble air movements characteristic of mixing ventila-
tion form in an upper section of the aircraft region to be
ventilated, whereas the flow conditions in a lower section of
the aircraft region to be ventilated are determined by free
convection.

Finally, the auxiliary control device can be set up to ensure,
as required, that the auxiliary air provided by the auxiliary air
providing device enters the aircraft region to be ventilated, via
the auxiliary air inlet arranged in the region of a side wall of
the aircraft region to be ventilated, at such a speed that the air
is distributed in the aircraft region to be ventilated in the
region of a plane defined by the arrangement of the auxiliary
air inlet, i.e. horizontally approximately at the height of the
auxiliary air inlet, and rises at heat sources present in the
aircraft region to be ventilated, or that the auxiliary air pro-
vided by the auxiliary air providing device enters the aircraft
region to be ventilated, via the auxiliary air inlet, at such a
speed that tumble air movements characteristic of mixing
ventilation form in the aircraft region to be ventilated. This
enables particularly flexible adaptation of the air conditioning
power of the air conditioning system according to the inven-
tion to certain demand situations. The supply of auxiliary air
via the auxiliary air inlet can also be employed particularly
advantageously for heating or cooling processes when there
are no passengers on board, e.g. on the first startup of an
aircraft on a cold or hot day.

The aircraft air conditioning system according to the inven-
tion further preferably comprises an auxiliary control device
which is set up to ensure that the auxiliary air provided by the
auxiliary air providing device enters the aircraft region to be
ventilated, via an auxiliary air inlet arranged in the region of
a ceiling of the aircraft region to be ventilated, at a lower
speed than the air entering the aircraft region to be ventilated
via the air inlet. The auxiliary control device is preferably set
up to control the speed of the air exiting the auxiliary air inlet
arranged in the region of a ceiling of the aircraft region to be
ventilated in such a way that the air “trickles™ out of the
auxiliary air inlet and is thereby also effective substantially
only in the region of the ceiling and the aisle of the aircraft
region to be ventilated.

For example, the auxiliary control device can be set up to
ensure that the auxiliary air provided by the auxiliary air
providing device enters the aircraft region to be ventilated, via
the auxiliary air inlet arranged in the region of a ceiling of the
aircraft region to be ventilated, at a speed of <1 n/s. The
auxiliary control device can comprise an electrical or elec-
tronic control unit for controlling the auxiliary air providing
device. This control unit can control the auxiliary air provid-
ing device in such a way that the air is led from the auxiliary
air providing device into the auxiliary supply air duct at a
desired pressure. Such a control unit can also be used to
control, as desired, the quantity and the humidity of the air
provided by the auxiliary air providing device. Alternatively
or additionally to this, however, the auxiliary control device
can also have mechanical components, such as, for example,
valves, throttles, screens, etc., for setting the air pressure in
the auxiliary supply air duct. These mechanical components
can be electronically or electrically controlled, it being pos-
sible to use for this the electrical or electronic control unit
which is also used for controlling the auxiliary air providing
device.
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The auxiliary control device for controlling the speed of air
to be supplied into the aircraft region to be ventilated via an
auxiliary air inlet arranged in the region of a ceiling of the
aircraft region to be ventilated can be designed as a separate
device. However, the auxiliary control unit is preferably
formed at least partly by components of the control device for
controlling the speed and the temperature of the air entering
the aircraft region to be ventilated via the air inlet and/or of the
auxiliary control device for controlling the speed of air to be
supplied into the aircraft region to be ventilated via an auxil-
iary airinlet arranged in the region of a side wall of the aircraft
region to be ventilated, or is integrated in this control device.

The auxiliary control device for controlling the speed of the
airto be supplied into the aircraft region to be ventilated via an
auxiliary air inlet arranged in the region of a ceiling of the
aircraft region to be ventilated can also be set up to ensure that
the auxiliary air provided by the auxiliary air providing
device is supplied, via the auxiliary air inlet arranged in the
region of a ceiling of the aircraft region to be ventilated, at a
temperature which is lower than the temperature of the air in
the aircraft region to be ventilated.

In the aircraft air conditioning system according to the
invention, it is possible, owing to the flow conditions arising
in the aircraft region to be ventilated, to arrange, in the region
of'a ceiling of the aircraft region to be ventilated, an air outlet
for removing exhaust air from the aircraft region to be venti-
lated. The air outlet can be formed, for example, by a gap
which is formed in a ceiling covering of the aircraft region to
be ventilated. As required, however, it is also possible to
provide aplurality of air outlets in the region of a ceiling of the
aircraft region to be ventilated or to design a ceiling region of
the aircraft region to be ventilated to be air-permeable. Alter-
natively or additionally to this, the air outlet/air outlets can
also be formed in lamps fitted in the ceiling region of the
aircraft region to be ventilated. In order to ensure proper
exhaust air removal via the ceiling region of the aircraft
region to be ventilated, the floor region and the side regions of
the aircraft region to be ventilated are preferably designed to
be sufficiently airtight.

The air outlet is preferably connected via a connecting duct
to a pressure regulating valve for setting a desired pressure in
the aircraft region to be ventilated. The connecting duct pref-
erably extends along an aircraft skin and follows, for
example, the course of a frame. If required, a plurality of
pressure regulating valves can also be connected via corre-
sponding connecting ducts to the air outlet or the air outlets
for removing exhaust air from the aircraft region to be venti-
lated.

Since the air outlet in the aircraft air conditioning system
according to the invention is arranged in the region of a
ceiling of the aircraft region to be ventilated, the pressure
regulating valve can be arranged in a side region of an aircraft
fuselage upper shell or a side region of the aircraft fuselage
lower shell. Furthermore, it is also possible to position the
pressure regulating valve in a pressure bulkhead or to inte-
grate the pressure regulating valve in an existing exhaust air
duct. In such a case, the flow cross-section of the pressure
regulating valve merely has to be designed in such a way as to
ensure that the pressure regulating valve functions properly
even with a smaller pressure difference acting on the valve.
By designing the aircraft air conditioning system according to
the invention with an air outlet arranged in the region of a
ceiling of the aircraft region to be ventilated, a markedly
higher flexibility in the choice of the position for the pressure
regulating valve or the pressure regulating valves is thus
achieved.
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If it is no longer necessary, as hitherto customary, to
arrange the pressure regulating valve or the pressure regulat-
ing valves for setting a desired pressure in an aircraft region to
be ventilated and pressurised or in all the aircraft regions to be
ventilated and pressurised in the region of the bottom of the
aircraft fuselage lower shell, the bottom region of the aircraft
fuselage lower shell no longer has to be used as a stowage
space for pipes connected to the pressure regulating valve or
the pressure regulating valves either, but may be put to alter-
native use. For example, this region can be utilised as an
additional cargo compartment which, for weight optimisa-
tion, can have laterally side boundary walls consisting of a
fireproof sheet, instead of conventional prepreg side bound-
ary walls. Furthermore, the formation of a completely or
partly unventilated underfloor region is made possible.

Furthermore, an insulation of the aircraft fuselage lower
shell can optionally also be dispensed with, since it is no
longer necessary to protect pipes running in the bottom region
of the fuselage lower shell from temperatures which are too
low. Dispensing with an insulation of the aircraft fuselage
lower shell is, however, only sensible when cooling of this
region is of no importance. This is the case, for example,
when the ambient temperature in a cargo compartment
arranged in the region of the aircraft fuselage lower shell
may/should have a low level and no rest areas for crew mem-
bers are provided in the region of the aircraft fuselage lower
shell either. In order to counteract excessive cooling of a
non-insulated aircraft fuselage lower shell, heated air may
optionally also be led out of the passenger cabin into the
aircraft fuselage lower shell or a cargo compartment arranged
in the region of the aircraft fuselage lower shell. Dispensing
with an insulation of the aircraft fuselage lower shell enables
an advantageous weight reduction. Moreover, the space
usable, for example, as a cargo compartment, in the region of
the aircraft fuselage lower shell is increased.

If the aircraft fuselage lower shell is not insulated, a con-
nection between an underfloor region arranged in the non-
insulated aircraft fuselage lower shell and the passenger cabin
is preferably dispensed with. Consequently, however, pres-
sure equalisation between the undertloor region and the cabin
is no longer possible either. In order, in the event of a sudden
pressure drop in the underfloor region, for example in a cargo
compartment arranged in the underfloor region, or in the
cabin, to enable a quick pressure equalisation and to prevent
damage of the fuselage structure, a movable pressure equal-
ising device is preferably present, which in case of need
ensures a pressure equalisation between the underfloor region
and the cabin. The pressure equalising device can be formed,
for example, by a movable flap or a pressure relief valve
which, to ensure a pressure equalisation, opens a connection
between the underfloor region and the cabin if a predeter-
mined difference between the pressure in the underfloor
region and the pressure in the cabin is exceeded.

Since, as already explained, there is no connection between
a cargo compartment, arranged in a non-insulated aircraft
fuselage lower shell in the undertloor region, and the aircraft
passenger cabin, gases or odours arising in the cargo com-
partment are also prevented from passing into the passenger
cabin in such an arrangement. Particularly good venting of
the cargo compartment is ensured when the cargo compart-
ment is connected to the outside atmosphere via a venting
device designed, for example, in the form of a venturi device
or a flap.

The above aspects have been outlined here in connection
with the aircraft air conditioning system according to the
invention. However, they may also be realised independently
of'the aircraft air conditioning system according to the inven-
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tion and also independently of one another. For example, an
air outlet, arranged in the region of a ceiling of an aircraft
region to be ventilated, for removing exhaust air from the
aircraft region to be ventilated can also be connected via a
connecting duct to a pressure regulating valve, arranged in a
side region of an aircraft fuselage upper shell or a side region
of an aircraft fuselage lower shell, for setting a desired pres-
sure in the aircraft region to be ventilated, when the air outlet
is not a constituent of an aircraft air conditioning system
according to the invention, but for example is a component of
an aircraft air conditioning system working on the principle of
mixing ventilation. Similarly, it is also possible, indepen-
dently of the presence of an aircraft air conditioning system
according to the invention, to dispense with the insulation of
anaircraft fuselage lower shell, to provide amovable pressure
equalising device between an underfloor region and a passen-
ger cabin and/or to equip a cargo compartment with a venting
device for connecting the cargo compartment to the outside
atmosphere.

The aircraft air conditioning system according to the inven-
tion preferably further comprises an exhaust air duct which is
connected to the air outlet and leads exhaust air, removed
from the aircraft region to be ventilated through the air outlet,
in the direction of an air sink. The exhaust air duct preferably
extends at least in sections along the ceiling region of the
aircraft region to be ventilated. A suction device, such as, for
example, a fan or a compressor, can be arranged in the exhaust
air duct, in order to suck the exhaust air actively out of the
aircraft region to be ventilated. Alternatively to this, however,
the exhaust air duct can also be passively operated. In this
case, the exhaust air escapes into the exhaust air duct owing to
a differential pressure between the aircraft region to be ven-
tilated and the exhaust air duct, in order to be supplied to the
air sink via the exhaust air duct.

When the aircraft region to be ventilated is formed by the
passenger cabin or a section of the passenger cabin, the
exhaust air duct can be bounded, for example, by an upper
shell ofthe aircraft fuselage, panel elements forming a ceiling
covering of the passenger cabin, and lateral separating ele-
ments, or luggage compartments arranged in the passenger
cabin. Alternatively to this, however, the exhaust air duct can
also be formed by a pipe which preferably extends along a
ceiling region of the aircraft region to be ventilated. A further
possibility is to remove the exhaust air through luggage com-
partments which are ventilatively connected to one another
and in this case to design lighting devices as inlets.

Condensation water may form in the exhaust air duct on
cold surfaces over which the exhaust air flows. In order to
prevent this condensation water from dripping or penetrating
into the aircraft region to be ventilated or another region of the
aircraft, a condensation water protection device is preferably
arranged in the exhaust air duct. The condensation water
protection device collects condensation water forming in the
exhaust air duct and ensures that it is either led away or
evaporates in the ambient air. For example, the condensation
water protection device can be formed by a needle felt
arranged in the exhaust air duct.

The exhaust air duct is preferably configured and arranged
in such a way that exhaust air flowing through the exhaust air
duct is brought into thermal contact with heat-generating
components, in order to remove heat from the heat-generating
components. The heat-generating components can, for
example, be systems installed in the ceiling region of the
aircraft region to be ventilated, such as, for example, lighting
elements or electronic elements. Such a design of the exhaust
air duct enables optimal utilisation of the cooling energy
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stored in the exhaust air, which has an advantageous effect
with high heat loads in particular.

The aircraft air conditioning system according to the inven-
tion preferably further comprises a recirculation duct, con-
nected to the air outlet and/or to a recirculation outlet formed
separately from the air outlet, which serves for returning to
the air providing device and/or the auxiliary air providing
device exhaust air from the aircraft region to be ventilated.
For example, the recirculation duct can branch off from the
exhaust air duct. Alternatively to this, the exhaust air duct can,
however, also serve merely for exhaust air removal and the
recirculation duct can be connected to a recirculation outlet
formed separately from the air outlet or to recirculation out-
lets formed separately from the air outlet. The recirculation
outlet or the recirculation outlets can be arranged, for
example, in the region of a side wall of the aircraft region to
be ventilated. Recirculation air which is removed from the
aircraft region to be ventilated via a recirculation outlet
arranged in the region of a side wall of the aircraftregionto be
ventilated is usually cooler than air removed via the ceiling
region of the aircraft region to be ventilated. The use of cooler
air as recirculation air affords energy advantages which have
an advantageous effect in the design of the air conditioning
units in particular. Exhaust air returned via the recirculation
duct can be led, for example, into a mixer of the air providing
device and/or of the auxiliary air providing device.

In a method, according to the invention, for air condition-
ing at least one partial region of an aircraft, air, to be supplied
to aregion of an aircraft to be ventilated at a desired tempera-
ture, pressure and moisture and in a desired quantity, is pro-
vided by means of an air providing device which can be
designed as set out above. The air provided by the air provid-
ing device is led from the air providing device through a
supply air duct to an air inlet which opens near the floor into
the aircraft region to be ventilated. A control device ensures
that the air provided by the air providing device enters the
aircraft region to be ventilated via the air inlet at such a speed
that the air is distributed near the floor in the aircraft region to
be ventilated and rises at heat sources present in the aircraft
region to be ventilated. Furthermore, the control device
ensures that the air provided by the air providing device enters
the aircraft region to be ventilated via the air inlet at such a
temperature that a desired ambient temperature is set in the
aircraft region to be ventilated.

The control device preferably ensures that the air provided
by the air providing device enters the aircraft region to be
ventilated via the air inlet at a speed of 0.1 to 0.5 m/s.

In a preferred embodiment of the method according to the
invention, the air is blown into the aircraft region to be ven-
tilated through an air inlet which is arranged in the region of
a floor of the aircraft region to be ventilated. Additionally or
alternatively to this, however, the air can be blown into the
aircraft region to be ventilated through an air inlet which is
arranged in a region, near the floor, of a side wall of the
aircraft region to be ventilated. The air can be blown into the
aircraft region to be ventilated through merely one air inlet.
Alternatively to this, however, it is also possible for the air to
blown into the aircraft region to be ventilated through a plu-
rality of air inlets.

In a preferred development of the method according to the
invention, auxiliary air, to be supplied to the region of the
aircraft to be ventilated at a desired temperature, pressure and
moisture and in a desired quantity, is additionally provided by
means of an auxiliary air providing device. The auxiliary air
can be led from the auxiliary air providing device through an
auxiliary supply air duct to an auxiliary air inlet which opens
into the aircraft region to be ventilated.
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The auxiliary air can be blown into the aircraft region to be
ventilated via an auxiliary air inlet arranged in the region of a
side wall and/or in the region of a ceiling of the aircraft region
to be ventilated.

An auxiliary control device preferably ensures that the
auxiliary air provided by the auxiliary air providing device
enters the aircraft region to be ventilated, via an auxiliary air
inlet arranged in the region of a side wall of the aircraft region
to be ventilated, at such a speed that the air is distributed in the
aircraft region to be ventilated in the region of a plane defined
by the arrangement of the auxiliary air inlet and rises at heat
sources present in the aircraft region to be ventilated. For
example, the auxiliary control unit ensures that the auxiliary
air provided by the auxiliary air providing device enters the
aircraft region to be ventilated, via the auxiliary air inlet
arranged in the region of a side wall of the aircraft region to be
ventilated, at a speed of at most 1 m/s.

Furthermore, the auxiliary control device preferably
ensures that the auxiliary air provided by the auxiliary air
providing device enters the aircraft region to be ventilated, via
the auxiliary air inlet arranged in the region of a side wall of
the aircraft region to be ventilated, at such a temperature that
a desired ambient temperature is set in the aircraft region to be
ventilated.

The auxiliary control device can also ensure that the aux-
iliary air provided by the auxiliary air providing device enters
the aircraft region to be ventilated, via the auxiliary air inlet
arranged in the region of a side wall of the aircraft region to be
ventilated, at such a speed that tumble air movements char-
acteristic of mixing ventilation form in the aircraft region to
be ventilated and free convection in the aircraft region to be
ventilated is substantially suppressed. Finally, the auxiliary
control device can also ensure, as required, that the auxiliary
air provided by the auxiliary air providing device enters the
aircraft region to be ventilated, via the auxiliary air inlet
arranged in the region of a side wall of the aircraft region to be
ventilated, at such a speed that the air is distributed in the
aircraft region to be ventilated in the region of a plane defined
by the arrangement of the auxiliary air inlet, i.e. horizontally
approximately at the height of the auxiliary air inlet, and rises
at heat sources present in the aircraft region to be ventilated,
orthatthe auxiliary air provided by the auxiliary air providing
device enters the aircraft region to be ventilated, via the
auxiliary air inlet at such a speed that tumble air movements
characteristic of mixing ventilation form in the aircraft region
to be ventilated.

Preferably, auxiliary air is provided by the auxiliary air
providing device and auxiliary air is supplied into the aircraft
region to be ventilated only in selected situations, for example
when particularly effective ventilation of the aircraft region to
be ventilated is required.

Preferably, an auxiliary control device further ensures that
the auxiliary air provided by the auxiliary air providing
device enters the aircraft region to be ventilated, via an aux-
iliary air inlet arranged in the region of a ceiling of the aircraft
region to be ventilated, at a lower speed than the air entering
the aircraft region to be ventilated via the air inlet. The aux-
iliary control device preferably controls the speed of the air
exiting the auxiliary air inlet arranged in the region of a
ceiling ofthe aircraft region to be ventilated in such a way that
the air “trickles” out of the auxiliary air inlet and is thereby
also effective substantially only in the region of the ceiling
and the aisle of the aircraft region to be ventilated.

For example, the auxiliary control device can ensure that
the auxiliary air provided by the auxiliary air providing
device enters the aircraft region to be ventilated, via the
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auxiliary air inlet arranged in the region of a ceiling of the
aircraft region to be ventilated, at a speed of <1 m/s.

The auxiliary control device for controlling the speed of the
airto be supplied into the aircraft region to be ventilated via an
auxiliary air inlet arranged in the region of a ceiling of the
aircraft region to be ventilated preferably further ensures that
the auxiliary air provided by the auxiliary air providing
device is supplied, via the auxiliary air inlet arranged in the
region of a ceiling of the aircraft region to be ventilated, at a
temperature which is lower than the temperature of the air in
the aircraft region to be ventilated.

Preferably, exhaust air from the aircraft region to be ven-
tilated is removed from the aircraft region to be ventilated
through an air outlet arranged in the region of a ceiling of the
aircraft region to be ventilated and connected via a connecting
duct to a pressure regulating valve. For setting a desired
pressure in the aircraft region to be ventilated, the exhaust air
can be discharged to the outside atmosphere via the pressure
regulating valve.

Preferably, the exhaust air from the aircraft region to be
ventilated, if required, for setting a desired pressure in the
aircraft region to be ventilated, is removed to the outside
atmosphere via a pressure regulating valve arranged in a side
region of an aircraft fuselage upper shell or in a side region of
an aircraft fuselage lower shell.

The exhaust air from the aircraft region to be ventilated can
be led through an exhaust air duct, which is connected to the
air outlet and extends at least in sections along the ceiling
region of the aircraft region to be ventilated, in the direction of
an air sink.

Condensation water in the exhaust air duct is preferably
caught by means of a condensation water protection device.

Exhaust air flowing through the exhaust air duct can be
brought into thermal contact with heat-generating compo-
nents installed in the ceiling region of the aircraft region to be
ventilated, in order to remove heat from the heat-generating
components.

Exhaust air removed from the aircraft region to be venti-
lated through the air outlet and/or a recirculation outlet
formed separately from the air outlet can be returned to the air
providing device and/or the auxiliary air providing device via
a recirculation duct connected to the air outlet and/or to the
recirculation outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will now
be explained in more detail with the aid of the appended
schematic drawings, of which

FIG. 1 shows a cross-section through an aircraft fuselage,
illustrating the flow conditions which arise when a passenger
cabin is ventilated by means of an air conditioning system
known from the prior art and working on the principle of
mixing ventilation,

FIG. 2 shows a cross-section of an aircraft passenger cabin
which is ventilated by means of a first embodiment of the
aircraft air conditioning system according to the invention,

FIG. 3 shows a cross-section of an aircraft passenger cabin
which is ventilated by means of a second embodiment of the
aircraft air conditioning system according to the invention,

FIG. 4 shows a cross-section of an aircraft passenger cabin
which is ventilated by means of a third embodiment of the
aircraft air conditioning system according to the invention,

FIG. 5 shows a cross-section of an aircraft passenger cabin
which is ventilated by means of a fourth embodiment of the
aircraft air conditioning system according to the invention,
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FIG. 6 shows a cross-section of an aircraft passenger cabin
which is ventilated by means of a fifth embodiment of the
aircraft air conditioning system according to the invention,

FIG. 7 shows a cross-section of an aircraft passenger cabin
which is ventilated by means of a sixth embodiment of the
aircraft air conditioning system according to the invention,

FIG. 8 shows a three-dimensional illustration of an aircraft
fuselage section having an aircraft passenger cabin which is
ventilated by means of the fourth embodiment of the aircraft
air conditioning system according to the invention,

FIG. 9 shows a schematic illustration of an exhaust air duct
of'the aircraft air conditioning system according to the inven-
tion,

FIG. 10 shows a cross-sectional illustration of the exhaust
air duct illustrated in FIG. 9,

FIG. 11 shows a three-dimensional illustration of an air-
craft fuselage section, illustrating the arrangement of a pres-
sure regulating valve,

FIG. 12 shows a cross-section of an aircraft fuselage, illus-
trating, inter alia, the arrangement of a movable pressure
equalising device and a cargo compartment outlet, and

FIG. 13 shows a schematic diagram of the basic design and
the mode of operation of an aircraft air conditioning system
according to the invention.

DETAILED DESCRIPTION

FIG. 1 shows a cross-section of an aircraft fuselage 10, in
which a passenger cabin 12 and a cargo compartment 14 are
arranged. The passenger cabin 12 is ventilated and pres-
surised by means of an aircraft air conditioning system known
from the prior art and working on the principle of mixing
ventilation. In this system, air is blown, through air inlets
arranged in the ceiling region of the passenger cabin 12, at a
high speed of approximately 0.7 to 3 m/s and with a high
impulse, into the passenger cabin 12 (see arrows P,,,). Owing
to the high impulse and the high speed of the air blown in,
tumble air movements (arrows P,,) form in the passenger
cabin 12, which ensure a virtually homogeneous intermixing
of the supplied air with the ambient air, free convection
induced by heat sources and cold or hot surfaces being domi-
nated by the forced tumble air movement flow. The exhaust
air is removed from the passenger cabin 12 through air outlets
provided in the floor region of the passenger cabin (arrows
Pout)'

In contrast to this, FIG. 2 shows a cross-section of an
aircraft passenger cabin 12 which is ventilated and pres-
surised by means of a first embodiment of an aircraft air
conditioning system 16. The aircraft air conditioning system
16 comprises an air providing device 18 which is connected
via a supply air duct 20 to a large number of air inlets 24
arranged in the region of a floor 22 of the passenger cabin 12.
The air providing device 18 comprises a compressor, fed by
engine bleed air, and a mixer connected downstream of the
compressor. The fresh air provided by the compressor usually
has a temperature corresponding to the lowest desired tem-
perature of an aircraft region ventilated by the aircraft air
conditioning system 16. The compressor fresh air can, as
required, be mixed with recirculation air in the mixer. Fur-
thermore, additional hot air can, if required, be admixed with
the air downstream of the mixer.

The air providing device 18 is controlled by means of an
electronic control unit 26. The electronic control unit 26 is set
up to control the air providing device 18 and ensure that the air
provided by the air providing device 18 has such a pressure
and such an air pressure builds up in the supply air duct 20 that
the air is blown into the passenger cabin 12, via the air inlets
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24 having a constant flow cross-section, at such a speed that
the air is uniformly distributed in the region of the floor 22 of
the passenger cabin 12 and rises according to the principle of
free convection at heat sources present in the passenger cabin
12. In other words, the electronic control unit 26 controls the
air providing device 18 and the pressure in the supply air duct
20 in such a way that the air blown into the cabin 12 via the air
inlets 24 forms in the cabin 12 the flow pattern illustrated in
FIG.2 (e.g., circulation according to the principle of displace-
ment ventilation). In the figures, a person 27 is in each case
schematically illustrated as an example of a heat source, and
it will be understood that the person 27 is not shown to scale
because a typical standing passenger will fill most of the floor
22 to ceiling 28 height of the cabin 12, which is generally less
than 2.5 meters in height.

Since the air inlets 24 have a constant flow cross-section,
the speed of the air blown into the passenger cabin 12 via the
air inlets 24 is controlled by controlling the pressure in the
supply air duct 20. The establishment of the desired flow
pattern in the passenger cabin 12 is ensured when the air
provided by the air providing device 18 is blown into the
passenger cabin 12 via the inlets 24 at a speed of 0.1 to 0.5
n/s.

The air providing device 18 can only provide a limited air
volume flow in energy-efficient operation. Consequently, the
ambient temperature in the passenger cabin 12 can be con-
trolled only to a limited extent by appropriate adaptation of
the air volume flow supplied to the passenger cabin 12. The
electronic control unit 26 is therefore further set up to control
the air providing device 18 in such a way that the air provided
by the air providing device 18 is blown into the passenger
cabin 12 via the air inlets 24 at such a temperature that the
desired ambient temperature is set in the passenger cabin 12.
That is to say, the ambient temperature in the passenger cabin
12 is controlled by appropriate temperature control of the air
provided by the air providing device 18.

The boundary surfaces of the passenger cabin 12 in the
region of the floor 22 and the side walls are sufficiently
airtight. The exhaust air can therefore be removed from the
passenger cabin 12 via gap-shaped air outlets 30 arranged in
the region of the ceiling 28 of the passenger cabin 12. Alter-
natively to this, the ceiling 28 of the passenger cabin 12 can
also be designed to be partly or completely air-permeable.
The air outlets 30 open into an exhaust air duct 32. As can be
seen in particular in FIGS. 9 and 10, the exhaust air duct 32
extends along a longitudinal axis of the aircraft fuselage 10 in
the region of the ceiling 28 of the passenger cabin 12 and is
bounded by a panel 34, forming a ceiling covering of the
passenger cabin 12, an aircraft fuselage upper shell 36 and
luggage compartments 38 arranged in the passenger cabin 12.
The exhaust air duct 32 leads exhaust air, exiting the passen-
ger cabin 12 through the air outlets 30, in the direction of an
air sink.

Drops of condensation water 40 (see FIG. 10) may form in
the exhaust air duct 32 on cold surfaces over which the
exhaust air flows. In order to prevent condensation water from
dripping from the exhaust air duct 32 into the passenger cabin
12, a condensation water protection device 42 designed in the
form of a needle felt is arranged in the exhaust air duct 32.
Furthermore, FIG. 10 illustrates that heat-generating compo-
nents 44, such as, for example, lighting elements, are
arranged in the exhaust air duct 32, over which components
the exhaust air flows and which in the process release heat into
the exhaust air. Finally, a recirculation duct 33, illustrated in
FIG. 12, branches off from the exhaust air duct 32 and con-
nects the exhaust air duct 32 to the mixer of the air providing
device 18.
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FIG. 3 shows a cross-sectional view of an aircraft passen-
ger cabin 12 which is ventilated and pressurised by means of
a second embodiment of the aircraft air conditioning system
16. The second embodiment of the aircraft air conditioning
system 16 shown in FIG. 3 differs from the first embodiment
illustrated in FIG. 2 in that the air inlets 24 are not arranged in
the region of the floor 22 of the passenger cabin 12, but are
formed in a region, near the floor, of a side wall 46 of the
passenger cabin 12. The air inlets 24 are connected to the air
providing device 18 by appropriately configured supply air
ducts 20. In other respects, the design and mode of operation
of the aircraft air conditioning system 16 shown in FIG. 3
correspond to the design and mode of operation of the
arrangement according to FIG. 2.

FIG. 4 shows a cross-sectional view of an aircraft passen-
ger cabin 12 which is ventilated by means of a third embodi-
ment of the aircraft air conditioning system 16. The third
embodiment of the aircraft air conditioning system 16 shown
in FIG. 4 differs from the first embodiment illustrated in FIG.
2 in that a plurality of auxiliary air inlets 48 are formed in the
side walls 46 of the passenger cabin 12 below the luggage
compartments 38. The auxiliary air inlets 48 are each con-
nected to an auxiliary supply air duct 50. Each auxiliary
supply air duct 50 is connected to an auxiliary air providing
device 52 which, for its part, is connected to the air providing
device 18 via a corresponding connecting duct 54. The aux-
iliary air providing device 52 comprises a pressure regulating
device designed, for example, in the form of a valve, and a
temperature regulating device. Consequently, the auxiliary
air providing device is capable of providing auxiliary air
which has a desired temperature and a desired pressure, it
being possible for the temperature and the pressure of the
auxiliary air provided by the auxiliary air providing device 52
to differ, if required, from the pressure and the temperature of
the air provided by the air providing device 18.

The auxiliary air providing device 52 is, like the air pro-
viding device 18, controlled by means of the electronic con-
trol unit 26. In the operating case, illustrated in FIG. 4, of the
aircraft air conditioning system 16, the electronic control unit
26 controls the auxiliary air providing device 52 and the
pressure in the auxiliary supply air duct 50 in such a way that
the auxiliary air provided by the auxiliary air providing
device 52 is blown into the aircraft passenger cabin 12 via the
auxiliary air inlets 48 at such a speed that the air is distributed
in the cabin 12 in the region of a plane defined by the arrange-
ment of the auxiliary air inlets 48 and rises at heat sources
present in the passenger cabin 12. In order to ensure that the
flow behaviour, shown in FIG. 4, of the auxiliary air blown
into the cabin 12 via the auxiliary air inlets 48 arises, the speed
of'the auxiliary air when being blown into the passenger cabin
12 via the auxiliary air inlets 48 is at most 1 m/s.

Furthermore, the electronic control unit 26 controls the
auxiliary air providing device 52 in such a way that the aux-
iliary air provided by the auxiliary air providing device 52 is
blown into the cabin 12 via the auxiliary air inlets 48 at such
a temperature that a desired ambient temperature is set in the
cabin 12.

The electronic controlunit 26 is further set up to control the
auxiliary air providing device 52 and the pressure in the
auxiliary supply air duct 50, if required, also in such a way
that the auxiliary air provided by the auxiliary air providing
device 52 is blown into the passenger cabin 12 via the auxil-
iary air inlets 48 at such a speed and with such an impulse that
tumble air movements characteristic of mixing ventilation
form in the passenger cabin 12 and free convection in the
cabin 12 is substantially suppressed. Such an operating mode
of the aircraft air conditioning system 16 is chosen when air
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conditioning of the cabin 12 as quickly as possible is desired
or required in a particular situation.

FIG. 5 shows a cross-sectional view of an aircraft passen-
ger cabin 12 which is ventilated and pressurised by means of
a fourth embodiment of the aircraft air conditioning system
16. A three-dimensional illustration of an aircraft fuselage
section having a passenger cabin 12 ventilated and pres-
surised by means of the fourth embodiment of the aircraft air
conditioning system 16 can be seen in FIG. 8. The fourth
embodiment of the aircraft air conditioning system 16 shown
in FIGS. 5 and 8 differs from the third embodiment according
to FIG. 4 only in that the air inlets 24 are not arranged in the
region of a floor 22 of the passenger cabin 12, but are formed
near the floor in side walls 46 of the cabin 12. The air inlets 24
are each connected to the air providing device 18 by means of
a corresponding supply air duct 20. In other respects, the
design and mode of operation of the fourth embodiment of the
aircraft air conditioning system 16 according to FIGS. 5 and
8 correspond to the design and mode of operation of the
arrangement shown in FIG. 4.

FIG. 6 shows a cross-sectional view of an aircraft passen-
ger cabin 12 which is ventilated by means of a fifth embodi-
ment of the aircraft air conditioning system 16. The fifth
embodiment of the aircraft air conditioning system 16 shown
in FIG. 6 differs from the fourth embodiment illustrated in
FIG. 5 in that an auxiliary air inlet or a plurality of auxiliary
air inlets 48 is or are formed in the region of the ceiling 28 of
the passenger cabin 12. The auxiliary air inlets 48 are again
each connected to an auxiliary supply air duct 50 and each
auxiliary supply air duct 50 is connected to an auxiliary air
providing device 52 which, for its part, is connected to the air
providing device 18 via a corresponding connecting duct 54.

The auxiliary air providing device 52 is controlled by
means of the electronic control unit 26. In the operating case,
illustrated in FIG. 6, of the aircraft air conditioning system 16,
the electronic control unit 26 controls the auxiliary air pro-
viding device 52 and the pressure in the auxiliary supply air
duct 50 in such a way that the auxiliary air provided by the
auxiliary air providing device 52 is blown into the aircraft
passenger cabin 12 via the auxiliary air inlets 48 at a lower a
speed than the air blown into the aircraft passenger cabin 12
via the air inlets 24. Furthermore, the electronic control unit
26 controls the auxiliary air providing device 52 in such a way
that the auxiliary air provided by the auxiliary air providing
device 52 is blown into the cabin 12 via the auxiliary air inlets
48 at a lower temperature than the air temperature in the cabin
12.

The aircraft air conditioning system 16 according to FIG. 6
further comprises recirculation outlets 31 arranged in the
region of the side walls 46 of the cabin 12. The recirculation
outlets 31 are each connected to a recirculation line 33 which,
for its part, opens into a mixer of the air providing device 18.
The air removed via the recirculation outlets 31 arranged in
the region of the side walls 46 of the cabin 12 is usually cooler
than air removed via the ceiling 28 of the cabin 12. The use of
cooler air as recirculation air affords energy advantages
which have an advantageous effect in the design of the air
providing device 18.

FIG. 7 shows, finally, a cross-sectional view of an aircraft
passenger cabin 12 which is ventilated by means of a sixth
embodiment of the aircraft air conditioning system 16. The
sixth embodiment of the aircraft air conditioning system 16
shown in FI1G. 7 differs from the fifth embodiment illustrated
in FIG. 6 in that auxiliary air inlets 48 have been dispensed
with, but recirculation outlets 31 arranged in the region of the
side walls 46 of the cabin 12 serve to remove recirculation air
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from the cabin 12 and lead it via corresponding recirculation
lines 33 into a mixer of the air providing device 18.

In the aircraft air conditioning system 16, the exhaust air is
removed from the passenger cabin 12 through the air outlets
30 arranged in the region of the ceiling 28 of the cabin 12. A
pressure regulating valve 56 for setting a desired pressure in
a pressurised aircraft region can therefore be arranged in a
side region of the aircraft fuselage 10, as shown in FIGS. 9, 11
and 12. In FIGS. 9 and 11, the pressure regulating valve 56 is
arranged in a side region of an aircraft fuselage lower shell 57,
and in FIG. 12 in a side region of the aircraft fuselage upper
shell 36. Alternatively to this, it is also possible to position the
pressure regulating valve 56 in a pressure bulkhead or inte-
grate it in an existing exhaust air duct.

The pressure regulating valve 56 is connected to the air
outlets 30 via a connecting duct 58 which branches off from
the exhaust air duct 32. The connecting duct 58 extends along
an aircraft skin between two frames 60, 62 arranged next to
one another (see FIG. 11).

Since the pressure regulating valve 56 is positioned in a
side region of the aircraft fuselage 10, a bottom region 64 of
the aircraft fuselage lower shell 57 no longer has to be used as
a stowage space for pipes connected to the pressure regulating
valve 56. The bottom region 64 can therefore be used, for
example, as an additional cargo compartment or for other
purposes. Furthermore, an insulation of the aircraft fuselage
lower shell 57 can also be dispensed with, since it is no longer
necessary to protect pipes running in the bottom region 64 of
the fuselage lower shell 57 from temperatures which are too
low. A cross-sectional view of an aircraft fuselage 10 having
a non-insulated fuselage lower shell 57 with a partly unven-
tilated underfloor region 65 is illustrated in F1G. 12. The cargo
compartment 14 arranged in the underfloor region 65 of the
aircraft fuselage 10 is delimited in a weight-optimised man-
ner by side boundary walls 66 consisting of a fireproof sheet.

In the arrangement shown in FIG. 12, there is no connec-
tion between the underfloor region 65, arranged in the non-
insulated aircraft fuselage lower shell 57, and the passenger
cabin 12. In order to enable a quick pressure equalisation
between these two regions of the aircraft in the event of a
sudden pressure drop in the underfloor region 65 or the cabin
12, a pressure equalising device 68 is provided. The pressure
equalising device 68 is designed in the form ofa flap which is
placed in the floor 22 separating the underfloor region 65 from
the passenger cabin 12. If a pressure difference between the
cabin 12 and the underfloor region 65 of the aircraft fuselage
10 exceeds a predetermined value, the flap forming the pres-
sure equalising device 68 is automatically opened, enabling a
pressure equalisation between the cabin 12 and the undertloor
region 65 of the aircraft fuselage 10. Damage of the fuselage
structure caused by a differential pressure between the pas-
senger cabin 12 and the underfloor region 65 is thereby
avoided.

Since, as already mentioned, there is no connection
between the passenger cabin 12 and the aircraft fuselage
lower shell, gases or odours arising in the cargo compartment
14 are also prevented from passing into the passenger cabin
12 in the arrangement shown in FIG. 12. In order to ensure
particularly good venting of the cargo compartment 14, the
cargo compartment 14 is connected to the outside atmosphere
via a venting device 70 arranged in the aircraft fuselage lower
shell and designed in the form of a flap.

The basic design and the mode of operation of an aircraft
air conditioning system described above are illustrated in the
schematic illustration of FIG. 13. In a mixing place or a mixer
of' the air providing device, outside air is mixed with recircu-
lation air. The air is led from the mixing place via the air inlet

20

30

40

45

60

20

into the passenger cabin, where the above-described flow
pattern forms. The exhaust air is removed from the cabin via
the air outlet formed in the ceiling region of the cabin. To
regulate the pressure in the cabin, the exhaust air removed
from the cabin via the air outlet is, if required, removed to the
outside atmosphere via the pressure regulating valve. Some of
the exhaust air is led back into the mixing place of the air
providing device as recirculation air, the recirculation air
being conveyed through the recirculation line by means of a
recirculation air fan.

An underfloor region of the aircraft can be completely or
partly unventilated or, like the passenger cabin, ventilated by
means of the aircraft air conditioning system. To ventilate the
underfloor region, air is led into the underfloor region from
the mixing place of the air providing device. The exhaust air
can be removed from the underfloor region of the aircraft by
a line connecting the underfloor region to the recirculation
line or to the mixing place of the air providing device. In this
case, the exhaust air is led back from the underfloor region
into the mixing place of the air providing device as recircu-
lation air. Alternatively or additionally to this, however, it is
also possible to remove the exhaust air from the underfloor
region through an appropriate exhaust air valve. The exhaust
air is conveyed in the direction of the exhaust air valve by
means of an exhaust air fan.

The invention claimed is:

1. An aircraft, comprising:

a system for air conditioning at least one partial region of
the aircraft, the system comprising:

an air providing device for providing cooled air to be
supplied to a region of the aircraft to be ventilated at a
desired temperature and pressure;

a supply air duct which is connected at a first end to the
air providing device;

an air inlet which is connected to a second end of the
supply air duct and opens near a floor of the aircraft
into the aircraft region to be ventilated;

a control device which is set up to ensure at least in
selected operational situations of the air conditioning
system that the cooled air provided by the air provid-
ing device enters the aircraft region to be ventilated
via the air inlet at a speed 0f 0.1 to 0.5 meters/second
such that the cooled air is distributed in the aircraft
region to be ventilated over the entire floor area and
forms a climatization air layer near the floor and then
rises at heat sources present in the aircraft region to be
ventilated due to free convection, thereby ventilating
the aircraft region to be ventilated by the principle of
displacement ventilation, wherein the control device
further is adapted such that the cooled air provided by
the air providing device enters the aircraft regionto be
ventilated via the air inlet at such a temperature that
the desired temperature is achieved in the aircraft
region to be ventilated;

an air outlet for removing exhaust air from the aircraft
region to be ventilated, the air outlet arranged in the
region of a ceiling of the aircraft region to be venti-
lated; and

apressure regulating valve for setting a desired pressure
in the aircraft region to be ventilated, the pressure
regulating valve connecting the pressurized aircraft
region to be ventilated to the outside atmosphere via
the air outlet, and the pressure regulating valve
arranged in a side region of an aircraft fuselage upper
shell or an aircraft fuselage lower shell.
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2. The aircraft according to claim 1, wherein the air inlet is
arranged in at least one region of the floor, a region near the
floor, and a region of a side wall of the aircraft region to be
ventilated.

3. The aircraft according to claim 1, further comprising:

adevice for providing auxiliary cooled air to be supplied to

the region of the aircraft to be ventilated at the desired
temperature and pressure;

an auxiliary supply air duct which is connected at a first end

to the auxiliary air providing device; and

an auxiliary air inlet which is connected to a second end of

the auxiliary supply air duct and opens into the aircraft
region to be ventilated.

4. The aircraft according to claim 3, wherein the auxiliary
air inlet is arranged in at least one of the region of a side wall
and in the region of the ceiling of the aircraft region to be
ventilated.

5. The aircraft according to claim 3, further comprising:

an auxiliary control device which is set up to ensure that the

auxiliary cooled air provided by the auxiliary air provid-
ing device enters the aircraft region to be ventilated, via
the auxiliary air inlet which is arranged in the region of
a side wall of the aircraft region to be ventilated, at such
a speed that the auxiliary cooled air is distributed in the
aircraft region to be ventilated in the region of the air-
craft defined by the arrangement of the auxiliary air inlet
and then rises at heat sources present in the aircraft
region to be ventilated, thereby ventilating the aircraft
region to be ventilated by the principle of displacement
ventilation, and that the auxiliary cooled air provided by
the auxiliary air providing device enters the aircraft
region to be ventilated, via the auxiliary air inlet
arranged in the region of a side wall of the aircraft region
to be ventilated, at such a temperature that the desired
temperature is achieved in the aircraft region to be ven-
tilated.

6. The aircraft according to claim 5, wherein the auxiliary
control device is operable to ensure that the auxiliary air
provided by the auxiliary air providing device enters the
aircraft region to be ventilated, via the auxiliary air inlet, at
such a speed that tumble air movements characteristic of
mixing ventilation form in the aircraft region to be ventilated.

7. The aircraft according to claim 3, further comprising:

an auxiliary control device which is set up to ensure that the

auxiliary cooled air provided by the auxiliary air provid-
ing device enters the aircraft region to be ventilated, via
the auxiliary air inlet which is arranged in the region of
the ceiling of the aircraft region to be ventilated, at a
lower speed than the cooled air entering the aircraft
region to be ventilated via the air inlet.

8. The aircraft according to claim 7, wherein the auxiliary
control device is operable to control the speed of the auxiliary
air such that the auxiliary air entering the aircraft region to be
ventilated, via the auxiliary air inlet, is effective for cooling
and ventilating substantially only in the region of the ceiling
and an aisle of the aircraft region to be ventilated.

9. The aircraft system according to claim 1, wherein the air
outlet is connected via a connecting duct to the pressure
regulating valve.

10. The aircraft according to claim 9, further comprising:

an exhaust air duct which is connected to the air outlet,

extends at least in sections along the ceiling region of the
aircraft region to be ventilated and leads exhaust air
away from the aircraft region to be ventilated.

11. The aircraft according to claim 10, wherein at least one
of: a condensation water protection device is arranged in the
exhaust air duct; and the exhaust air duct is configured and
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arranged in such a way that exhaust air flowing through the
exhaust air duct is brought into thermal contact with heat-
generating components installed in the ceiling region of the
aircraft region to be ventilated, in order to remove heat from
the heat-generating components.

12. The aircraft according to claim 1, further comprising:

a recirculation duct, connected to at least one of the air

outlet and to a recirculation outlet formed separately
from the air outlet, for returning to the air providing
device exhaust air removed from the aircraft region to be
ventilated through the air outlet.

13. The aircraft according to claim 1, wherein the speed of
the cooled air entering the aircraft region to be ventilated is
controlled by the control device to prevent tumble air move-
ments that would mix the cooled air generally throughout an
entirety of the aircraft region to be ventilated.

14. The aircraft according to claim 1, wherein the aircraft
region to be ventilated is a region in a passenger cabin of the
aircraft defining a maximum height of less than 2.5 meters.

15. A method for air conditioning an aircraft with an air
conditioning system, the method comprising:

providing cooled air, to be supplied to a region of the

aircraft to be ventilated at a desired temperature and
pressure, by an air providing device;

leading the cooled air from the air providing device

through a supply air duct to an air inlet which opens near
a floor of the aircraft into the aircraft region to be venti-
lated, and

ensuring, by a control device at least in selected operational

situations of the air conditioning system, that the cooled
air provided by the air providing device enters the air-
craft region to be ventilated via the air inlet at a speed of
0.1 to 0.5 meters/second such that the air is distributed in
the aircraft region to be ventilated over the entire floor
area and forms a climatization air layer near the floor and
then rises at heat sources present in the aircraft region to
be ventilated due to free convection, thereby ventilating
the aircraft region to be ventilated by the principle of
displacement ventilation, wherein the control device
further ensures that the cooled air provided by the air
providing device enters the aircraft region to be venti-
lated via the air inlet at such a temperature that the
desired temperature is achieved in the aircraft region to
be ventilated,

wherein exhaust air from the aircraft region to be ventilated

is removed from the aircraft region to be ventilated
through an air outlet arranged in the region of a ceiling of
the aircraft region to be ventilated,

wherein a pressure regulating valve arranged in a side

region of an aircraft fuselage upper shell or in a side
region of an aircraft fuselage lower shell connects the
pressurized aircraft region to be ventilated to the outside
atmosphere via the air outlet, and the exhaust air from
the aircraft region to be ventilated, if required, for setting
a desired pressure in the aircraft region to be ventilated,
is removed to the outside atmosphere via the pressure
regulating valve.

16. The method according to claim 15, wherein the cooled
air is blown into the aircraft region to be ventilated through
the air inlet which is arranged in at least one region of the
floor, a region near the floor, or a region of a side wall of the
aircraft region to be ventilated.

17. The method according to claim 15, further comprising:

providing auxiliary cooled air, to be supplied to the region

of the aircraft to be ventilated at the desired temperature
and pressure, by an auxiliary air providing device; and
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leading the auxiliary cooled air from the auxiliary air pro-
viding device through an auxiliary supply air duct to an
auxiliary air inlet which opens into the aircraft region to
be ventilated.

18. The method according to claim 17, wherein the auxil-
iary cooled air is blown into the aircraft region to be ventilated
via the auxiliary air inlet arranged in at least one region of a
side wall or region of the ceiling of the aircraft region to be
ventilated.

19. The method according to claim 17, wherein an auxil-
iary control device ensures that the auxiliary cooled air pro-
vided by the auxiliary air providing device enters the aircraft
region to be ventilated, via the auxiliary air inlet which is
arranged in the region of a side wall of the aircraft region to be
ventilated, at such a speed that the auxiliary cooled air is
distributed in the aircraft region to be ventilated in the region
of' the aircraft defined by the arrangement of the auxiliary air
inlet and then rises at heat sources present in the aircraft
region to be ventilated, thereby ventilating the aircraft region
to be ventilated by the principle of displacement ventilation,
and that the auxiliary cooled air provided by the auxiliary air
providing device enters the aircraft region to be ventilated, via
the auxiliary air inlet arranged in the region of the side wall of
the aircraft region to be ventilated, at such a temperature that
the desired temperature is achieved in the aircraft region to be
ventilated.

20. The method according to claim 19, wherein the auxil-
iary control device operates to ensure that the auxiliary air
provided by the auxiliary air providing device enters the
aircraft region to be ventilated, via the auxiliary air inlet, at
such a speed that tumble air movements characteristic of
mixing ventilation form in the aircraft region to be ventilated.

21. The method according to claim 17, wherein an auxil-
iary control device ensures that the auxiliary cooled air pro-
vided by the auxiliary air providing device enters the aircraft
region to be ventilated, via the auxiliary air inlet which is
arranged in the region of the ceiling of the aircraft region to be
ventilated, at a lower speed than the cooled air entering the
aircraft region to be ventilated via the air inlet.
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22. The method according to claim 21, wherein the auxil-
iary control device operates to control the speed of the aux-
iliary air such that the auxiliary air entering the aircraft region
to be ventilated, via the auxiliary air inlet, is effective for
cooling and ventilating substantially only in the region of the
ceiling and an aisle of the aircraft region to be ventilated.

23. The method according to claim 15, wherein the air
outlet is connected via a connecting duct to the pressure
regulating valve.

24. The method according to claim 23, wherein the exhaust
air from the aircraft region to be ventilated is led through an
exhaust air duct, which is connected to the air outlet and
extends at least in sections along the ceiling region of the
aircraft region to be ventilated.

25. The method according to claim 24, wherein at least one
of a condensation water in the exhaust air duct is caught by
means of a condensation water protection device or that
exhaust air flowing through the exhaust air duct is brought
into thermal contact with heat-generating components
installed in the ceiling region of the aircraft region to be
ventilated, in order to remove heat from the heat-generating
components.

26. The method according to claim 15, wherein at least one
of an exhaust air is removed from the aircraft region to be
ventilated through the air outlet or a recirculation outlet
formed separately from the air outlet is returned to the air
providing device via a recirculation duct connected to at least
one of the air outlet or the recirculation outlet.

27. The method according to claim 15, wherein the speed
of'the cooled air entering the aircraft region to be ventilated is
controlled by the control device to prevent tumble air move-
ments that would mix the cooled air generally throughout an
entirety of the aircraft region to be ventilated.

28. The method according to claim 15, wherein the aircraft
region to be ventilated is a region in a passenger cabin of the
aircraft defining a maximum height of less than 2.5 meters.
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